When they are injected systematically, prostaglandins are rapidly metabolized19 '20 by 15 dehydrogenation and by reduction of the 13-14 double bond (Fig 1) . The biologic activity of the metabolic products is reduced substantially.
Because of the rapid inactivation and low Received for publication December 11, 1972. 670 blood levels, and since large doses of prostaglandins that are injected intraperitoneally fail to produce elevated blood calcium in parathyroidectomized rats, 16 prostaglandins do not normally participate as blood-borne humoral elements that regulate calcium metabolism like the parathyroid hormone. However, this does not preclude a role in the production of localized osteolytic lesions.
Since most forms of periodontal disease are associated with inflammation and extensive loss, the participation of prostaglandins in this disease process should be considered. The purpose of this paper is to describe morphologic alteration that is produced by prostaglandin injection over bone surfaces of the adult rat and to discuss the possible relevance of this process to periodontal disease. PGE1 was injected daily for seven days over the alveolar bone on the distal surface of the mandibular incisors. On the eighth day, the mandible was removed for histological processing. Control injections of glycerol were made on the contralateral side. Tissues were prepared for histology as were the calvaria.
Materials and Methods

Results
After seven days of repeated injection of 50 jug PGE1 in glycerol, gross inspection of the injection site showed a localized area of highly vascular connective tissue. When the skull was boiled to remove soft tissue, a roughened area was observed on the calvarial surface beneath the site of prostaglandin injection in all the experimental rats; (Fig 2, top) . This was not seen in rats that were injected with vehicle alone (Fig 2,  bottom) .
Low power observation of decalcified sections of prostaglandin-treated calvaria shows extensive loss of bone matrix and fibrous replacement (Fig 3, top) . Calvaria from animals that were injected with the vehicle alone exhibited a subcutaneous fibrous reaction and some hemorrhage at the injection site; however no erosion of the bone surface was present (Fig 3, bottom) . Microscopic examination of uninjected rat calvaria showed a dense bone matrix that was covered by a thin periosteal layer and loose subcutaneous connective tissue (Fig 4) . The bone matrix had a regular lamellar structure that ran parallel to the bone surface. The matrix contained occasional small osteocytes at irregular intervals. The periosteal layer showed thin cells with flattened nuclei. The subcutaneous connective tissue contained few cellular or formed elements.
Repeated injections of glycerol produced a fibrous reaction in the connective tissue, lbut no effect on the bone matrix was seen (Fig 5) .
An altered morphology of the periosteal cells was observed after prostaglandin injection. Cells of the periosteal layer seemed enlarged one day after a single injection of 50 itg PGE1 (Fig 6) . Formerly flat nuclei seemed rounded and hyperchromatic. Areas of the bone matrix along the periosteal strface were irregular. There was an increased cellularity in the subcutaneous connective tissue layer.
During the course of repeated daily prostaglandin injections, a higher degree of bone matrix irregularity appeared. After three days of repeated injection, the laminar pattern was partially interrupted and blood vessels were more numerous in the subcutaneous connective tissue (Fig 7) In addition to the erosive pattern that is usually seen, areas were found where new growth occurred as irregular outcroppings from the original laminar surface (Fig 8) . lesion seen after seven days of repeated PGE1 injection was produced (Fig 9) . In this instance the injection artifact was minimal in that no area that was injected with agar alone differed substantially from the calvaria of uninjected rats. The most prominent effect was an extensive loss of bone matrix, which had been replaced by cellular connective tissue. Many blood vessels appeared in the cellular stroma surrounding isolated bone spicules. The resorbing surfaces of the bone matrix (Fig 10) were lined predominantly with uninuclear cells with dark-staining nuclei. These cells were found often in lacunae. Osteocytes seemed somewhat enlarged and prominent within the remaining bone matrix. The lamellar structure of several areas was disrupted; in some cases it departed frim the original parallel structure. Multinucleated cells were infre- Repeated injection of PGE1 containing suspension over rat alveolar bone produced a resorptive pattern similar to that which was seen in the calvaria. A low magnification view from a section that was taken parallel to the mandible through the incisors at the injection site showed discontinuity in the alveolar plate on the side of the PGE1 injection. Higher magnification views (Fig 12) showed that the bone at the PGE1 injection site seemed to be partially resorbed and replaced by cellular connective tissue. This discontinuity was not seen on the side that was injected with glycerol (Fig 11) .
Saline and peanut oil were inferior to glycerol as vehicles. Prostaglandin solutions in saline were not effective in producing a bone lesion. Prostaglandin solutions in peanut oil produced a bone lesion; however, animals that were injected with the vehicle alone showed a similar but smaller lesion. The concentration of PGE1 that was used in this study (3 mM) was greater than the levels that occur in tissue. Failure of saline as a vehicle suggests that washout is relatively rapid; this is expected of a vasodilator substance.
Discussion
Conclusions
A subcutaneous injection of prostaglandin E1 over a bone surface stimulated rapid resorption of bone matrix in the adult rat. The earliest morphologic alterations observed were associated with the fibroblasts of the periosteal layer. As the resorptive process continued, areas of resorbed bone matrix developed. Cellular connective tissue containing newly formed vascular elements replaced the former bone matrix. Some areas showed signs of irregular formation of new bone. Inflammatory cells were absent and multinucleated osteoclasts were uncommon.
The rapidity and extent to which bone resorption was produced by prostaglandin injection suggests that a local synthesis of lesser amounts over a longer period of time could account for the bone loss in localized bone-wasting diseases. The recent elucidation of prostaglandins as inflammatory mediators offers a plausible hypothesis for their genesis in periodontal disease.
